The eis and trans 2-alkylidene-5-methylcyclohexanones have been separated and distinguished. 2-Benzylidene-5-methylcyclohexanone was also prepared in both forms. The CD, ORD, UV and IR spectra are recorded and discussed. The NMR data include solvent and temperature effects.
Following earlier work on pulegone oxide and related compounds [1] it was decided to examine the CD and ORD spectra of the eis and the trans (methyl-carbonyl) isomers of the title compound. After some initial difficulties connected with the isomerisation, both the eis and trans isomers of 2 -ethylidene-5-methylcyclohexanone were prepared.
Preparative Methods
The reaction scheme shows the various methods which were tried for the preparation of the title compounds. Method 1 (ref. [2] ) gave a 20% yield, but the product was contaminated with starting material and self-condensation products [3] . Method 2 (ref. [4] ) gave a low overall yield, 7-9%. Method 3 (ref. [5] ) gave a low yield, 10% (apparently it is unsuitable for ketones substituted at C3); a mixture of compounds 6 and 7 was obtained as shown by NMR Method 4 (ref. [6] [7] [8] ) gave a mixture of eis and trans isomers in the ratio 9:1 as determined by NMR. When benzaldehyde was used with method 1 a dibenzylidene compound was obtained, but a good yield was obtained at a higher temperature [9] (method 5). No yield was obtained by the glyoxalate method with benzaldehyde.
All the methods enumerated above yield a mixture of eis and trans 2-alkyl(aryl)idene isomers. Unlike the trans isomer, the eis 2-ethylidene-5-methylcyclohexanone could not be separated from the isomeric mixture by simple vacuum fractionation or by gas chromatography, probably owing to thermal isomerisation (c/. ref. [10] ). However, in the presence of p-toluene-sulphonic acid the eis isomer of 2-ethylidene-5-methylcyclohexanone was obtained in yields of up to 50%. The pure eis isomer was obtained from this enriched mixture, by repeated rapid distillation under reduced pressure.
Thermal isomerism of R-(-\-)-2-ethylidene-5-methylcyclohexanone
The failure of the separation of the isomeric products obtained by method 1 was thought to be due to thermal isomerisation. The effect of temperature and time on a sample kept under argon was therefore studied. The results show that the proportion of trans isomer is favoured at elevated temperatures and that the conversion of eis to trans is faster at higher tempeiatures.
Nuclear magnetic resonance spectra
Initially, when only a mixture of the eis and trans 2-ethylidene-5-methylcyclohexanone was available, it was impossible to distinguish the protons for analytical purposes, but with the preparation of the pure species the following shifts were found. The protons bonded to sp 2 carbon were located at 6.71 and 5.71 ppm (CDCI3) in the trans and eis methyl compounds (16 and 17) respectively. These figures agree with the values of Dubois and Dubois [11] , and also with the additivity rule produced by Pascual, Meier, and Simon [12] (c/. Jackman and Sternhell [13] , and Reddy and Goldstein [14] ):
REACTION SCHEME 
6.27
Thus in the case of trans methyl compound (16) the observed value is clearly within the expected range whilst in the case of the eis methyl compound (17) there is some discrepancy. Evidence for the confirmation of assignment of the eis and trans ±0.3 ppm configuration was obtained by the analysis of aromatic solvent induced shifts (ASIS). The spectra of both the isomers were recorded at 100 MHz in deuteriochloroform and deuteriopyridine. The results are given in Table I . According to the carbonyl plane rule of Williams and Bhacca [15] and Connally and McCrindle [16] , the methyl group in the trans methyl (16) and the proton in the eis methyl isomer (17) are shielded from the C=0 group in the aromatic solvent, and hence shifted upheld compared with the position in the aliphatic solvents, whilst the proton =C-H and the =C-CH3 of 17 are deshielded and, therefore, subjected to downfield shift (c/. Cottee and Timmons [10] in the case of trans 2-ethylidenecyclohexanone). Thus, on going [17] . They observed that with decrease in temperature the signals of trans methyl in 2-ethylidenecyclohexanone moved upfield in toluene-dg, but that of the eis proton moved downfield. Table III shows that in the case of trans isomer (16) the =C-H moved downfield whilst the =C-CH3 moved upfield. In the eis isomer (17) , on the other hand, the =C-H moved upfield and the =C-CH3 downfield as would be expected.
Chemical shift of ring protons
Owing to the overlapping of signals not all the protons associated with the ring could be assigned. However, all four compounds show similarity in their components. Those which could be assigned are indicated in Table II . 
Infrared spectra
Most discussions of the spectra of eis and trans compounds have centred on the stretching frequencies. In the case of the trans ethylidene compound, these come at 1680 cm- On the other hand, the spectrum of 2-benzyl-6-methylcyclohexanone shows the differences at 66 cm -1 despite its supposedly s-trans conformation [21] . Thus, where an aromatic ring is attached at carbon ß to the ketonic group, this criterion would appear to fail. Erskine and Waight [22] showed that in a,/S-unsaturated ketones where there are alkyl or phenyl substituents at the double bond, the ratio of the intensities is between 0.6 and 3.5, whereas for transoid compounds it is greater than 6. In the present compounds the ratio of peak heights, which can be regarded as a rough measure of the intensity, were 0.94 and 1.51 for the trans and eis 2-ethylidene compounds (16 and 17) respectively, and 1.06 and 4.0 in the trans and eis benzylidene compounds (18 and 19) respectively. Dubois and Dubois [11] claimed that the eis and trans isomers of 2-ethylidenecyclohexanones have similar IR spectra, but it can be seen that there are differences in our compounds at 1600-1700 cm -1 and again at around 1500 and 1250 cm -1 . Erskine and Waight [22] suggested that the main factor which influences the intensity of the C=C stretching on the a,^-unsaturated ketone is the direct field effect of the C=0 group. They believed that the resultant dipole in the C=C will be greater in the planar cisoid than in the planar transoid form, the mutual effect of the two dipoles being to reduce the intensity of the 0=0 band and increase the intensity of the C=C band in the cisoid as compared with the transoid form.
Thus, in the present series of s-cisoid compounds the chromophoric system may be planar or nearly planar in the trans isomers (16 and 18) , whereas in the eis isomers (17 and 19) , coplanarity can only be achieved with difficulty, due to the interaction of the C=0 group with the alkyl (aryl) group. Braude and Timmons [23] showed that the position of vc=o with the degree of co-planarity in the enones: It is apparent that, as it becomes difficult for the carbonyl side chain in the preceding enones to maintain coplanarity with the cyclohexane ring, the VC-O values approach that of the saturated compounds. In the present study the vc = o values of the eis and trans methyl compounds (16 and 17) are quite close but considerably lower than that for saturated carbonyl group. This indicates that the conformation of the conjugated chromophore is only slightly different in the two compounds, but in the case of benzylidene compounds (18 and 19) it may be seen that the position of vc = o of the eis isomer being 1695 cm -1 , the chromophoric system is not planar in this isomer. The vc=o value of the trans isomer is 1675 cm -1 , which indicates a high degree of coplanarity of the chromophoric system as compared with the eis isomer.
UV spectra
The UV spectra of the eis and trans isomers of both the ethylidene and the benzylidene compounds were recorded in polar and non-polar solvents and are shown in Figs. 1-8 . For the sake of comparison, the spectra of pulegone were also recorded. In the case of the trans ethylidene compound n-+ji* as well as n7i* bands appear at only slightly longer wavelength than the position of these bands in the spectrum of the eis isomer in the same solvent. However, the intensity of the absorption of the 71-+71* band of the trans isomer is much greater than that of the eis isomer but the intensities of n->7t* do not differ noticeably.
It is known that the effects of non-planarity on the position of the characteristic absorption band of conjugated systems are not reliable but the effect on the intensity of the band is a simple criterion [24] , Owing to departure of the enone chromophore from planarity, the interaction between the Tz-orbitals decreases and, therefore, the intensity of absorption is usually decreased. Thus, comparison of positions and intensities of n -*• n* bands in the eis and trans ethylidene compounds indicates that the conformation of the enone chromophore is different in the two isomers and also the n ti* transition of trans has a quite large intensity compared with the eis isomer in the same solvent. The chromophoric system may be non-planar in the eis isomer but in the trans isomer it may be nearly planar.
Both the isomers of the benzylidene compound show two bands in the 220-290 nm region; the trans isomer also shows a band around 340 nm in nonpolar solvents which is absent in polar solvents. This band should be due to n -> TI* transition of the conjugated carbonyl group and its absence in polar solvents is perhaps due to a blue shift so that it lies underneath the strong absorption band at 298 nm. The absence of this band in the eis isomer probably results from the steric hindrance of the phenyl group by the oxygen of the carbonyl group, which prevents the planarity of the chromophoric part of the molecule. The non-planarity of the olefinic C=C and the carbonyl group is likely to shift the absorption of the C-0 group towards that of the unconjugated carbonyl group and hence the n->n* transition should be at a shorter wavelength compared with similar transition in the trans isomer. Thus the appearance of this band in the trans isomer in non-polar solvents and its absence in the eis isomer in all solvents probably reflects the conformation of the enone chromophore in the two cases. The chromophoric system of the trans isomer (18) may be compared with that of benzylidene acetone (20) [25] and the aldehyde (22) [26] which have the same position and equal molecular extinction coefficient of the long wavelength band, indicating similar conformations of the chromophoric system. The high value of A max probably indicates that the chromophoric system is conjugated and, therefore, planar. The trans isomer has a substituent on the a-carbon atom and, therefore, according to Woodward's rule [27] , as modified by Fieser and Fieser [28] , the maximum might have appeared at about 285 +10 = 295 nm, but the observed maximum is at about 289 with a lower 
Figs. 1-8. UV, CD and ORD Spectra of eis and trans R-( + )-2-ethylidene-and R-(-)-2-benzylidene-5-methylcy clohexanones.
extinction coefficient. This probably indicates that 18 is not a perfectly planar arrangement, though the carbonyl group and the olefinic bond may be coplanar. The possibility that the phenyl ring may be coplanar with the olefinic bond is ruled out on the basis of comparison with styrene (21) [29] .
The £max appearing at 267-272 nm in the eis isomer is lower than that of the K band of 21. This probably indicates that the phenyl ring and the olefinic bond do not achieve coplanarity as in styrene. If the chromophoric system in the eis isomer is treated as that of a disubstituted styrene, the expected position of the absorption maximum would be 248 + 20 = 268 nm. The maximum appears at 272 nm in alcohol.
Another absorption maximum appears in the range 220-221 nm in the spectrum of the eis isomer and in the range 219-223 nm in the case of the trans isomer of the benzylidene compound. Thus the position of this band is similar in the two isomers.
The intensity of this band in the trans isomer is weaker than the intensity of the long wavelength band, but in the eis isomer it is stronger than the intensity of the long wavelength band as well as the same band of the trans isomer, which behaviour is similar to that of trans and eis stilbene (23 and 24) [30, 31] .
CD and ORD spectra
The CD and ORD spectra of the isomers of both the ethylidene and the benzylidene compounds, recorded in polar and non-polar solvents, are shown in Figs. 1-8 .
The CD and ORD spectra of the trans 2-ethylidene compound (16) (Figs. 1-2) . The eis compound (17) shows a CD absorption at a rather longer wavelength (325 nm in methanol). Whilst in the ORD the negative maximum is rather higher, again the CD band shifts to a longer wavelength in non-polar solvents (340 nm), but in this case there is no suggestion of complexity in the band.
The first thing that is apparent in the CD spectra of the eis and trans benzylidene compounds (18 and 19) is that the introduction of the phenyl group produces a strong negative CD absorption at about 270-280 nm. The curves of the eis phenyl show very nicely the interaction of the two CD absorption bands to produce anomalous rotatory dispersion exactly like that characteristic of a two-term Drude equation, yet it is clear that many more than two absorption terms must be involved because there are two active bands in the region of observation. It is noteworthy that the intensity of the CD absorption in methanol of the trans benzylidene isomer (18) is twice that of the eis isomer (19) at 340 nm, whereas at 270 nm the ratio is four times.
In the trans benzylidene compound there is little variation in wavelength or in intensity on going from the polar to non-polar solvents. Whereas with the eis compound the wavelength of absorption changes from 275 nm in methanol to 305 nm in hexane with a variation in intensity from 1800 in methanol to 100 in hexane, with the shorter wavelength band the corresponding changes are from 262 nm to 302 nm and from 8100 to 2500 in intensity.
Both the benzylidene compounds (18 and 19) show strong negative CD at or below 300 nm and positive CD at about 340 nm, with further positive peak at lower wavelengths. The negative portion must be due to the phenyl group since this is absent in the ethylidene compounds (16 and 17) . All four compounds show positive peaks at about 340 nm, but where negative peaks appear alongside it is possible that the intensity of the positive peak is reduced by overlap. One of the major factors determining the CD spectrum will be the degree of co-planarity of the chromophores. If it were the case that the ethylene link and the C=0 were both in a horizontal plane then the methyl and hydrogen will also be in that plane and would not contribute to the induced dissymmetry of the chromophore. On the other hand, the methyl group of the cyclohexane ring would clearly do so.
The intensity of the CD absorption of the trans ethylidene compound (16) in hexane and methanol is about three times that of the eis compound (17) so that the behaviour of the ethylidene and benzylidene compounds is similar except that there is greater variation in the intensity of the eis benzylidene compound with change of solvent than in the ethylidene series; these facts are consonant with the idea that the enone chromophore is more planar in the trans than in the eis form and that there is interaction between the side chain and the carbonyl group in the eis forms which is lessened in polar solvents.
Conformations of eis and trans R-(-f-)-2-ethylidene and R-(-)-2-benzylidene-5-methylcyclohexanones
The consideration of IR, UV, CD, and ORD spectra all lead to the conclusion that the conjugated chromophore -C=C-C=0 has a nearly planar conformation in the trans ethylidene and trans benzylidene compounds (16 and 18) and a non-planar conformation in the eis isomers (17 and 19) . The similarity of ORD curves of R-(+)-pulegone and the eis ethylidene compound (16) suggests that both compounds have a similar conformation. On the basis of the Octant rule Feeley [32] has suggested a chair-like conformation for R-(+)-pulegone; the eis ethylidene and eis benzylidene compounds may also be assigned a chair-like conformation (24) . The trans ethylidene and trans benzylidene compounds (16 and 18) cannot have a chair-like conformation because of a nearly planar conformation of the chromophore in them. The Drieding models of these compounds suggest an envelope or folded conformation (25) . 
R-(-+-)-2-Ethylidene-5-methylcyclohexanone
To sodium hydroxide, 33 ml of 30%, and R-( + )-3-methylcyclohexanone, 38 g, cooled to 0 °C, was added dropwise, separately, acetaldehyde, 44 g and 77 g of the ketone so as to keep the mixture at 0 °C. Further portions (5-10 ml) of 30% sodium hydroxide were added over 3 h to a total volume of 75 ml. The reaction mixture was stirred at 0 °C for a further 3 h and then allowed to warm up to room temperature overnight. The organic layer was separated from the aqueous layer, which was then thrice extracted with ether. The combined organic layers, dried (MgSO^, and distilled under reduced pressure using an insulated column packed with helices, gave a fraction b.p. 70-72°/2.5 mm, 9.2 g (20%), (the desired products contaminated with starting material), this purified by gle, had n^ 
R-(-1-)-2-Ethylidene-5-methylcyclohexanone via glyoxalate
Sodium ethoxide, prepared from 5.8 g sodium and 75 ml dry ethanol, was cooled in an ice-salt bath and a chilled mixture of R-(-(-)-3-methylcyclohexanone, 28.3 g, and diethyloxalate, 36 g, was added with stirring at such a rate that the temperature of the reaction mixture did not rise above 2-3 °C. After leaving overnight at room temperature the mixture was cooled, acidified (3 M H2SO4) and extracted with ether (2 X 100 ml). The dried, extract was distilled, the fraction b.p. 118-120°/1 nam was purified by re-distillation under reduced pressure using a 6" vacuum-jacketted Vigreux column to collect a yellow liquid (31.2 g) To the glyoxalate, 20.3 g, obtained above, stirred with potassium carbonate, 7.0 g, in water, 50 ml, for 20 min, was added dropwise, acetaldehyde, 4.2 g, in water, 6 ml. The mixture was then stirred for 2 h. After acidification (2 M HCl) it was extracted with ether (2 x 100 ml), the ethereal layer washed free from acid and dried (MgS04), and after evaporation of the solvent the yellow liquid was distilled to give a fraction, b.p. 51-53°/]. mm; this purified by redistillation under reduced pressure with the 6" column gave a colourless liquid, b. p. 54-55°/l .5 mm, 8 g. This was identified as R-(+)-2-ethylidene-5-methylcyclohexanone by IR, whilst g.l.c. showed it to be an isomeric mixture containing the two isomers in the ratio 1:9 eis: trans.
trans R-(-1-)-2-Ethylidene-5-methyleyelohexanone
The trans isomer was obtained from the above enriched isomeric mixture by repeated rapid distillation under reduced pressure using the 6" Vigreux column. The fractions were monitored with NMR until a pure specimen was obtained which had b.p. 2. via the enamine: R-( + )-3-methylcyclohexanone, 14 g, and morpholine, 11 g, refiuxed together in dry toluene, 150 ml, yielded by the elimination of water a mixture of N(zl 1 -5-methylcyclohexenylmorpholin) and N(zl 1 -3-methylcyclohexenylmorpholin).
CnH^NO
Found C 72.9 H 10.5 N 7.7, Calcd C 72.9 H 10.5 N 7.7.
R-(-\-)-2-Ethoxy
methylene-5-methyleyelohexanone R-(+)-2-Formyl-5-methylcyclohexanone, 29 g, ethyl orthoformate, 22 g, and methanol (dried), 12 ml, and two drops of concentrated hydrochloric acid were mixed and allowed to stand at room temperature for 60 h. The greenish solution was washed with potassium hydroxide solution, 50 ml (10%), and then with water (2 X 50 ml). The ethereal layer was dried (MgS04) and distilled using a 6" vacuumjacketted Vigreux column. The fraction, b.p. 86 to 87 0 /l mm, 9.6 g, was collected; it had n 2^ 1.4892, [a] 
